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MEMORY 

(57) Abstract 

PROBLEM TO BE SOLVED: To 
strengthen bonding of capacitor 
bottom electrodes to interlayer 
insulators and to raise the 
conductivity of the bottom 
electrodes to conductive plugs by 
a method wherein the cap'acitor 
bottom electrodes of a memory 
circuit comprising a memory cell 
are bonded to the interlayer 
insulators making barrier body 
layers, the conductive plugs and 
the like interpose between the 
side surfaces of the interlayer 
insulators and making conductive 
bonding accelerating layers 
interpose between the bottom 
electrodes and the upper 
surfaces of the interlayer 
insulators. 

SOLUTION: Two capacitor 
bottom electrodes 204, which 
have a charge storage layer or a 
capacitor insulator 212 and a top 
electrode 214, of a memory 
circuit comprising a memory cell 
are bonded on a silicon substrate 
200 via silicon dioxide interlayer 
insulators 202 and barrier body 
layers 208 consisting of a Ti-AI-N 
layer. The insulators 202 are 
separated from each other by the 
layers 208, silicide layers 207 
consisting of a TiSi2 layer and 
conductive plugs 206, which are 
laminated. The electrodes 204 
consist of a platinum layer of a 
thickness of about 350 nm or the 
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like, are formed into a rectangular 
shape and conductive bonding 
accelerating layers 210 consisting 
of a Ti-N layer or the like are 
respectively interposed between 
the electrodes 204 and the 
insulators 202 under the lower 
surfaces of the electrodes 204. 
Thereby, a bonding of the 
electrodes 204 to the insulators 
-205 and the conductivity of the 
electrodes 204 to the plugs are 
enhanced. 
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(57) 

[MSB] pjg$*wc^5»a^^m 
^t, ^m^«sita52 1 o tmtmm.2 0 4t% 

{tJtilf£&tflg*fjei£l5fiT i -A 1 -N«r£tft, 
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to 
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[W9T»#<0«H] 

[If *S i] yt * y -tr/u&£tf * * y EBS-c&o t\ 
-(b) miRt/^2<7)«^<by-hmiJ^iffi?-<t^tf 

( c ) nufElfS l<DYy t'-y h 10 

Hit \ 

£ fc < , Buia^ 2 «o*mo±Jc*> 3 ti&Mvi&VzZ^ y 

fym^ftt'feot^ ...... 

(a) ffiiae^iii*fiiEm2ro$ffl-i:^:cg!*fjBifi 

(b) mrase&siic/N— k^**ji&jbi&u 

(c) Sfiaw+ifeOflfflE^^o-C, mris/^— K-^ 

(d) AftfE^— K^^gtcioTS^tvT&VNtfflE 

(a) HfifBe^_h^T i -A 1 -N^- K^^^JBSr 
)fMU 

(b) bijET i-Al-NA- K-^^^S^^^— =• 

( c ) Hfnse^s^^ yfv^i 

(a) Ti-AK Ti-Al-N, Ta-Al, Al 
-N v Ti-Al/Ti -N v T i -A 1 -N/T i - 
N, Ta-Al/Ti -N, fttfT i-Al/Ti-A 

(b ) mm*- yf-'^v y7m±Kxmm&f®&. 
u jek 

( c ) memkfcmzyyms^y^sfti^y 
[0001] 
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2 

[0 00 2] 

am) sn-o^a. l*»u wqfc&SHkRtfs 

fci/y (dielectric) co^/^*cOTf-?££: 

ftRU^Kfb^y 9*##^m^£fco{^cof&!* 

ffcMPBE&ivCV^S. ^v'ftilCO r^hTyhDRAM 
COT a 2 O5 ^^v^COfg^ffll^J IEEE IEDM Tec 

h! Dig. 5. 1.1 (1995^) izmfcZtit-Zote^Mtik? 

2 5) , tAi7l«) Ti r0 2 &^tp«Mi:COPb 
(Zr, T i ) O3 ffi^COffMj 65 Appl. Phys. Lett. 15 
22 (199459 lCfSte£*ut, !ffl^f£-t?*>0*S58Hs« 
^^Srl^— h-T 5 >Sft^yu=i (P Z T) 

(^tt^fifU 0 0 0) , v=-r> (Jiang) ftiico n^eg 
CO^Fffi^gtt^ffltffc ( S r B i 2 T a 2 O9 ) ^^eyco 
ffb^affi^J VLSI Tech.Syrap.26 (1996 ¥) i-12*c 

mmm . Ruprmnko r^ty>sioDRA 

MC0RuO 2 /Ru/T i N/T i S i x SfS^ — KSr 
frt-SSW^'-^&HftiaK ECR MOCVD 

(B a, S r) T i O3 J IEEE IEDM Tech. Dig. 5. 3. 1 
(1995*£) v 3-^^-fdlCO rRuCO/¥V^^y— K±COC 
VD- (Ba, Sr) T i O3 fStefrfi l^s* 
hDRAMrajWaoarB^^^fiflfj IEEE IEDMTec 
h. Dig. 5. 2.1 (1995^) . &T*s<—?i&L<D ri^fcTy 
H^CODRAMCO (Ba, S r) T i O3 ISS#&.T>* 
P tflM^Wi-5^g^-V-'- ? v'^fi^J VLSI Tech.Sym 

p. 24 (1996 m ictrnzintc^p^m^v *?J» • * h 
xhs^vju mw&fem 500) fa t\ m* <D$mi&tf 

<5HSrfflV^5ZLtiS-e#5o ^(Dietz) ftfeco 

rs r t i o 3 m&$rfHrzwms&&frr&wm&m 

(influence) J 78 J. Appl. Phys. 6113 (1995 ^) (^ 
l^fc* bn^^AicoP t. Pd. Aufti:*cofHl& 
ffiStfi) , R«*IBWflP»#-*5, 0 0 3, 4 28f (P 

zTR^yi^y-?^) „ *bwiw^ss5, 41 

8, 388f (BST, SrTi03 , PZT^if) , 
mi^m^ms, 566, 045-^-(BST±C0 

[0 0 0 3] inbWBPWKSlftW4^!W^ 

*j-LT^^ (oxygen-stable) e^^ffc"^— ^-^^ 
^SieKWBmi UA>U SAW:, 

«iffle*^f4/j;v \ *HWf»*WB 5 , 5 0 4, 04 1 
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^fwrn^t-rs e&«>8s*& s 33^ <t 

S«f{C*jm(debond)USV\ *SWM*#-»5, 4 8 
-•9, 5 4 8f, P^5, 6 09, 9 2 7-5§\ £tfl^» 
5, 6 1 2, 5 7 6A«^ s Si*1"*©Sn»»t 

[0 0 0 4] ^h<Di-mmmVfs ^RiiPZT, B 
S TS.t>*S B T©S^m3S»S«*^»S> 9 > ^(OtctiM. 
il#™tRAM (FRAM) OfafttLTffiV^ 
3~ £ fi±X'% 5„ WWtf)ffl$f;i5D R AM©t;W7- 
?ft®%jrrf<D\C%iU 3fflWBft*m«>5)ffi(polarizat 
ion) iSFR AM©t;l4)r — ^ F^^Sr^t"^ife(Cffl V ^ 6. 
tlZ^b «\ F R AM-fe/KiD R AM-tr/HdMgl 

[0 0 0 5] 20 

^jici^o -c, * * y ±/i>&sts* * y [hiss^m^ $ tt-c 

fi3E(^ IB 1 SUSS 2 <nm-RW- MfcSJWSfimirgr 
■rSBBSEfrSr&tP ^7 J; o TfR 2 <£> h y > i?x 

x-mt Lfci J: 0 {~T*£ sri -cfci. 

[0006] jf.wR<nm<D-mfemz$&\ w>2.(n\m^ 

S£Ji{-$: -5 (feature) fcsz y f-^-fSlfrfe&SBH 
5. 

[000 7] ^5^cDftii<75|E6S^Jtc:^oT, S^tr^ 5, 
fCT.i -A 1 -N^— K^^JI&jFMU T i -A 1 

(chlorine-bearing etchant)T*3iy^:^L"05T 50 
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S0V<*-V£J&aU mz&&*mm$& (oxygen-be 

[0008] *58W©giJ©»* U ^lfiMm«o-C A 31 

•5 0 rcoyu-fe^fi. T i -A K T i - A 1 -N, T 
a-AK Al-N, Ti-Al/Ti-N, T i -A 
1 -N/T i -N, T a -A 1 /T i -N, RUT i - 

Ai/Ti-Ai -Na»e>j*5^i^-^»»e>aB*£*LS 

^CDm^fi, JEW fettS (featured) W&dk iifitffll^ 
2 oo t'T^5|5] Cim-e^ s/^Vi/$tv5 <?: # * 

[0 0 0 9] 

looio] m 

Mis DRAM, FRAM, StWficD^(7)^|IIS§(C 
[0011] il (a) X^l (b) &2-^(DMfWM 

nmm^mmmx'^rfo ^(nmm.mv s mft-gM \ 0 0 

frl 0 2ICiotWW^»^. W&l 0 4 
<hS^*B<bwm<o^{i^ffltt7°v^i 0 6{cJ:or 
i*$tv-5„ RJ£/BWbWSff*:i 0 8(i, ft^t-fi^^ 

OBBtOEHSnSo 0 8^#V^§£\ fi4 0 0 

ic-ee^tttii^y ->y • ^^t^iai^wfta 

AisJKS^ixS. B^/i^fo^^- wm)x-h^rm.\t 
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[0012] mmwmfc 1 o 2 tt*s»*rtcrawi:^y 3 

"<, Jg«S£:(adhesion loss) ©fca&JU^fcfaKtttt 

iRrfF#4§#S5, 6 1 2, 5 7 4-5§--C?i</^#fJe©f £ L 

(a) ic^itefTfiSflfolfBift^tt, Kf**10 8 
»i, TOy^-fcfcoTJHBJtfel** 102i &^i£Sl5« 

z> a ztDm^r^-^t^mmm^rms, 504, 

j&tt, Mffiftfl 1 0 SrofRti&fafcSltfttk 1 0 4 

-f) *f*Jl?^y >i-5M, Kffc£ix©V^-£'T?*>S. HI 
1 (b) O«itf*:(i^60PfSft:ro®Hk^SWtTVN 

iswnsi 0 4 ^jwmeiRflci 0 2 t<Dm<Dmm 

[0 0 13] ffigft: 

\s<Z/?<D 2 Oy4^$ttTV ^-5o *K 2 0 0 fi^fttt 
(silicon-on-insulator) -C*>5„ 2 0 2 11 

#*L<f4nHfc-^y =»>- (s i 02 ) T-fo5^\ fi# 

M-li, S i 3 N 4 . Si -N, S~ i -O, S i -O- 

n, s i o 2 mm^m\^tz.m*n K-^tutt 

<7), Ti02 « A 1 2 O3 , Z r O2, MgO, Ta 2 

o 5 , v 2 o 5 , y 2 o 3 , ar/Nb 2 o 5 

»i TSi-O-NJ f£if<D^0^£ TA-B-CJ 

mmt. ^(D^mt^mmA. b, c©£fl«eflte!refiPGi 
-f) &<t\ T\zfozffi.mfczwm^-fz ) £?^mR£ 

ft, *Si^J¥$li^2 0 0nmT*fo5o W&fc? 1 ?? 

206 u < y v • k— T'snfc^ y = >x&> 

ft, T i -N, T i - Al-N, W, Cu, A 1 -C 
u, Al, Ti, T i-S i -N, W-S i -N, T i 
-Si, Ta-S i, W-S i, RXIT i S i 2 
4x5. PHSW 2 0 8 L< liT i - A 1 -NXh 

•9 v -?:<£>fll/&(iT i -N#I>* (T i 0. 5A 1 0. 5 ) -N 
aM^SSMXh 9 , (T i 0. 75 A 1 0. 25) - NT-foS r. 
<k U \ WKflWff $f± lOnmHOOnmO 

p B lW^HT*fe <0 #5 a*, #4 LV iSlffiii 2 0 n m i 5 0 
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nm^lHJ-efc*. WS8*m<Bft»0>lfcM:, Ta-N, 
T a -Al-N, T i-S i N N W-S i — N» Ru 

— N, W-N, Ru-A 1 -N, Ru-S i — N, C r 

— N, Cr-Al-N, Mo-N, Mo-Al-N, M 
o-Si -N, V-N, V— S i -N, V-A 1 — N, 
H f — N, H f - A 1 — N, 3tc (Xte~£.\C&7C<n) M 

Ta-Si-N, Ta-B-N, Ti- 
B-N) , Zr-N, Y-N, Sc-N, L a -N, "M. 
f^Al-N, K — Z?£frltzA 1 — N, Mg-N, C 
10 a-N, Sr-N, Ba-N, ±iB<7>^^-g-*^ 0 

<f, Pt-Si-N, Pd-Si-O, Pd-B- 

(O, N) , Pd-Al-N, Ru-Si- (O, 
N) , Ir-Si — O, R e — S i — N, Rh-A 1 — 
O, Au-S i — N, WAg-S i -NdS$4n5o 

d t icaic^ttfcv \ mmB-fy if 2 0 6 1 
mm.tm-2 0 8 1 <i, tr-amm? 0 7, m^-ir i s 

i 2 ^^iot^^#5„ 
20 [0 0 1 4] Jgg|5®S2 0 4f2, ffiUl^SOnm 

350nmtfc5rt iS»* L V ^ D R AM^fttlcOjS 

iiif x3f <n^m<Dmjjmx°3b zzx\ f 

^f&I^O . 0 5m mi»b 1 /z mCD^mXfo <0 , Sf* L 
< fiijftO. 16MmT'fc5, — ^ FRAMCOfl^li, 

mmizfo i ju mxii^tL j: «j 

S. JSW«ffi©fte*i1sH;:il. Ru, Rh, Pd, R 
e, I r, &tr±3*roffift<Otm<C»^, Pt-O, R 
UO2 , Ru-O, Rh-O, Pd-O, I r O2 > I 
r-O, Re-O, &Zf±M<D&& (»a^"^, 0*J 
^Lff, P t-Rh-O) , SrRu03 , Sn-O, R 
15 1 n - S n -O^SM. j£8|flMitt. WkotfWn 

g^f£it«2 1 Oliitttt-fe!), 
T i -N&t/ (T i 0. 5 A 1 0. 5 ) -N<DWl(D%m(DT 
i-Al-Nffc5Ii^L<, »*L<(4 (T i 
0. 75 A 1 0. 25) -NT?'**. ^*i©lSfi^ 0 . 2 n m 
*»e> 1 0 nm©ra0*SH<Bff£*r*rU «F4 UM**f4 
40 *Sj3nm-Cfe5. g8#{©tii2 1 0H, /£gP«j!2 0 4 
(D-mm/Mi (isolation ) £HW5fc«>, 2oO^ 

^iJWi, T a —A 1 — N, T i - S i -N, W-S i - 
N, W-N, W- S i -N, C r — N„ C r -A 1 - 
N, Mo-N, Mo-A 1 — N, Mo-S i -N, S i 
-N, Si, Ge, V, V-N, V-Si-N, V-A 
1 -N, Ti-Si, Ta-Si, W-S i, Mo-S 
i, Cr-Si, Pt-Si,W, Ta, Ti, Sn, 
Ru, In, Os, Rh, Ir, 3tc (XfiHf-#7t; 
50 <D) (CTx.tf, Ta-S i-N, Ta-B-N, 
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Ti-B-N) , Zr-N, Y-N, Sc-N, La- 
N, mmXZLA 1 -N, F—T'ZtlltA 1 -N, Mg- 
N, Ca-N, Sr-N, Ba-N, Xt/JdfiO^feiS 
-£*3x5o ^j^l?>W^S^m§«(4, «^JS 
.M51Sfe£& 0iJxi4\ P t -S i -N, Pd-Si- 
"o, Pd-B- (O, N) , Pd-Al-N, Ru-S 
i- (O, N) , I r-S i-O, Re-S i -N % R 
-h-A 1 -O, Au-S i -N, WAg-S i -Ntf* 

[0 0 1 5 ] ~><J 3>ro^t^*fSt)8i: LT^IgL 
(self-limiting) T*fe5„ r.*U4, * 

y->!j3y- ^7^iilEWttffii<oiw«)|i(aMt3is^a(f 
'ail)^5»S ; £fiiJlfc5. ^co41^f4, Kfctt&EfHR- 

[0016] mMmnmxittv<^?m»fc2 1 2 

f4, L < (4, S3n mri^ 1 5 0 n mG9tSH<£>/¥£ 

lrtt5Ba-Sr-Ti-0 ( (Ba, Sr) TiO 

3) -?#>3ri J x #*J2 5 nmCOip^-C'fcSwir^SL 

^„ SaWtflSfOfWeiJIC^ Ta 2 0 5 , PZT, B 

a i-x S r x T i i- y Z r y O3 (XIX £9 — f®&&Z. 30 

14, BSZT) , Pbi- X La x Tii- y Zr y O 

3 (X(4, PLZT) , RTIB i 2 A 

i-x b x o 3 x-3 CXtt, J:0-*tt*«ai» mikZtiti^ 

w7*t>-4 YM<DW&) r."T*A(i, Ba, 

Sr, Ca, PbXttGaffoO, B(4, Ti, Ta, 

14, 5 0 Xfi^ttLJ: 9 v WMMStfrfS. HSflBffi 
2 1 4(4, £?£L<f4l 0 nmHl 0 0 nm<D^m<D 
?K ^2 5 nmC0/¥$T'fc-5^i: 

t^lJ^L/ckCD^Px., T i -N, T i -A 1 -N, T 
a-N, Ta-Al-N, W-N, W-A 1 -N, Cr 
— N, Cr-Al-N, Ru-N, Ru-Al-N, M 
o-N, Mo -A 1 — N, V-N, V-Al-N, Hf 
— N, RXIH f -A 1 -Na*£**L5. 
[0017] @3lii2 ©0 * U ^IS^jGO^-T^v^ 

(c x jpfo?, i#CD^^i^^£*vCV^5o CiCQ-feA' 
fflBSf*OTfiJ/& 14, i^ttSfrmroJ^/jSI^V^ ^ — ■==■ 
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ft»£oi,vr-ca>5. < * — = > 9\-$&M 

^(reflectivity) ©raHSr§|#jgiL, S^O^ 

ffiti <t 9 #-5 0 ft 2 <D#;£ U ^m&M<D±J\s<D%ll<Dm 

,S<4, J - MHOiaWfcSrISfcac-*- SifiWasfc V 

3„ rc9«3gffcf4, • 7*9 4 ^"9* (free-stan 

ding) ^M^w-rs^^^i^Mo-fe/Kcit^ mwh\^ 

[0 0 18] =¥r^v'^f4, £r*L<i4S i O2 t?*>5 

(BP*>, fx3f) . **^*TOe»Hn0«±, 

*^J3 5 0 nm-T-feSo ^ftWf^#0iJ(C{4, S i 

3 N4, Si -O, S i -N, S i -O-N, S.TJ'ijZB 

ntc*vs<^9mmzmmi-ztc^ p«©«w^i 

^ 5 W^*f4— ®#V 3 1 0 (4 h U>>^{C 

»v \ iSg|5®l 3 0 4 iq*l»o*oaiS^S«Sa 5 *ufcv ^ 
r t S:fl(g|tc-f 5>4\ JS^^IsE 3 0 4 cDm^6^^8S:l« 
fH-Sfc&ldl 3 1 Ott^-r'-^W-CSittLTVvfc 
V ^„ JEgPSI^ 3 0 4 140 2 Lfc^JS^Jro fc<D «t <9 W 
\,\ -?:CC>ff$(4**Jl 0 nmW5 0 n mCO^fflT'fo "9 , 
|t|20nmt'W:i Ll# \, ftHO^-C{4, 0 3 CO 

ffitf*{4SI 2 fc^ Lfc few <bMia U 1«300 ±izM 

i&£Hz>mr<mmftm 302 sr^tn, jsgp«ii3 0 a 

{4, JKftS 3 1 0, M«£3 0 8, ^ 

<bKA 3 0 7RXfy"y 9*3 0 6 LXmtil 30 0tm 
PlktZo 0 4f4, *-Vx^>^i|fttW|C3 1 2 

x\ ^(cng(5«®3 1 w&<r>mv&o- 

[0 0 19] m4l'£Wi3<D&-£L\ J mMM<D*^s<^9 
Sr^U Pfiift:4 0 8 Am 3 {cfc^ «t o kzMk>X'\^ 

S.t^*f€ilia4 1 0f4, ^MatMS^^a^SlAtb 
TSPjflW 5 - i K>T?t 57'o-fe^*#t-5^— IS-Ct* 

S^y^*ttfe77 ->^^»(flux) (rtt^coj©^(4, 
afifWRW^tt^feS) ^»Dia (thermal ize) 

*n*RF«^-CiUijei-6^A:lc«J:o-CriE 
X-7 1 COffltC^ C 5 g W T 7 «t o -C» #V ^f4^lF|5 
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-rs z t is i o -c 0fa«?t»c, ± 9 #v ^r±«t •) 
v >js^mjujMg£#s - 1 s d - * 

[0 0 2 0] W5tt4<D&£L\>>2&lffl<0* ! ??> • 

ffiWKSro < 5 <t 5 (OEtflHiffi 5 0 4 ifl&fehlnZ - £: 
fclStttf, 02ro«5tft:i:iI©LTl^So Z.totJW 

^kX'&Zo <««E(sacrificial) KfWfcB^^y V 

-rs 0 -f=7 ^±(omtmm^ t uvf^^--^fi 

[00 2 1] 1216 (a) t±, E2T^L.fc$fSLV^||ffi 
S600 ±{dff^$HSo V— * 6 0 1 St/ 

o 3ii, sis6 o o(cg£A$ns„ h^^^^-y— 
i^h7^!? srjBj&t- So snmefl^ 6 o 2 « h 7 > 

vv 1 ^.^ • y-x6 0 1 ^rtr-> f-^6 0 9 (^<£>l£rffi;^ 
ibgttva^S (offset) r k&7j^z&MM-&tt~) 
^g-rSo 7°7^6 0 6ttjSSP«lS6 0 4^h7Vv J ^ 
^ • KM >6 0 3(C^1"S„ Pfg{£6 0 8RXMm 
6 101X 02»$fSL^^ffi0iJW^LTM{C 
tftB^ LfcttMg&fT?. J^F|5«I® 6 0 4 ltt-r^>?m». 
#6 1 2STJm^«^6 1 4T?#ai$ft5. 
[0 0 2 2] H6 (b) tt, 09x.fi, DRAMO^y 
•-feyu- TMSr*(cJFM1-S#^co5%roio» x 1 
^r-r^v^ • iryW^PffilllT'feSo 0 
6 (a) {C^Lfc»rE0ii, 06 (b) tf) 1 2f@£D=5r-ir 
/•?^6 5 0W4 , «02<S^^-To V— KH6 5 2fi06 
(a) <£> ' h6 0 5 »C*t-J5£?f S. 126 

(a) ro7*7^6 0 6li 06 (b) ^1^6 54^ 
LX7frf 0 06 (a) ©f^ hB=»?? h 6 0 7»i, 
136 (b) ■WIS* 6 5 6T'fcS„ 07& @6 (a) 
(c^Lfcfs/ HHi^^^^ (COB) -ir/WSStO 
t'y hiT^rt^v'^ (CUB) ^y-feyW— tfijT'fe 
So. -ftk^igffri, tfy Kt7 0 O/^-^v^ 7 

o 2 ^5^$tifd^(cffM^tts n t zmm-mu^x 

1/ ^S 0 \f y hMRTf tT y Yfficfy ?7 0 4 liftS!^, 



(6) Wll-74488 

10 

^JST-feSo 
[002 3] itig 

08 (a) ~ (c) , 09 (a) ~ (c) , 010 
(a) ~ (c) , 01 1 (a) ~ (c) , Ell 2 
(a) , (b) &uqgi3f±, DRAMCDMit*^^ 

[0 0 2 4] (a) i^hl^7^t#8 0 2<!:CM 

0 s jBiaigK&'uy * y • -t/u • t w jc*n-5 y>r v 
s) &tTV\ y-h^#:8 0 4^^rrs o ^y~>y 

= > • y- Z3feft~> y^ygt SrttfflH-S^-'f 

mm i mkmx'&>z>?— hso6 
, mmtzMtfttz,, sis (a) #b§o 

[0025] (b) m< K-7°$ttfc KM ^»?£A 
20 %ni<\ 7*tfi/y btmJj&^y^yticX 

•J, y-h±l-<iJ^P^*:8 0 8&^;^So ^*BKWS 

78 10WKW>8 12eMU h7>"^^© 

u^u^Ti-So ¥S.fk*nfcif6BM*S8 l 4 (^ijx. 

fiBPSG(borophosphosilicate glass) ) "e^LOl^ia 
«**8HH--5 8 08 (b) 

[0026] (c) spS'fb^tL^jeiiWW^y— ^8 

1 2*T'i*i-s*— ^ (trr) h y y^77^i; 

.fP^fe-C^y^^iZ-rSo -f h* (in situ ) 

J<7 P® K— 7°$ttfc7K y ~> y 3 ^yh- X^Kv 1 
y V t^-y^'if - ^<y ^fr^\ *-^lc^fA8 1 
5SrJBRW-5. ¥ifift$*t7^^^(cKM^8 1 0 

*x*^f-s*~ ^Sr^^- h y y^^tdj^^-c^ 

■y^^^-rs 0 ^>-y--r • K— -fZfrtztfV */V = 

JcgSttSttSlfy h^8 1 6&Mf$*So ^yf- ' * h 

^4#S* s , $f * L < fiT EOS (tetraethyloxysilane) 
^ fitliE^K (precursor) WM^550 0nm©S i 

0 2 T*fcS i Pffl.it$ttfct:--y h^±B^8 1 8 4rffM 
i-S„ S8 (c) #RBo 

[0027] (d) spaftsnfe^y bm±mm8 

-TSo R!p«fis*-2Ky ^8 2 o-easw-s. ^y ~> 
y 3 ^^jpaft u i©in»-(ix A.fi^^afe^^ y 

yv'agflciot, h^±if^ft:8 1 8©SS?!)^ 
fe®[i9l^<o 09 (a) #R8o 

[0028] (e) PflP^^^2 0nm^^5 0n 
5f mCOlEHO^^^T-^y ->y =V8 2 0Sr^< o CTx. 



11 

n.^x-m 725 < c-e^iiBT--^^m \ ?-?>t^ 

- i -N£®fi&<„ 

-[0029] (T i o.75 A lo.25> -NSr^-y* • *f 

^■7Mt, /tfy^y =^8 2o<o^stJ;ot#p) 

\CX<0s =V^8 2 ORZfT i -A 1 -NPt 

^&gfr&8 2 2lrfU ^-r^g(5^-8 2 l^cfcoT^ 
g|£*t5:/7^o< C^n^o HI 9 (b) Ptffif* 
8 2 2 ^#5 5 r i (C J; 9 , '>ft < £ t 2 o©? IJ,&tfSt§£ft 
1) #y ■>!) 3> • /7^/l«<Wffi&0 ! S 

■T5iWk»iB«a»?>ffii**t5o 2) ^y^y 

7^ /j^ftv^ h y Tiims^r-fcs y y ^ ^ 

[0030] (f) (T i 0. 75A 1 0. 25) — N0>#V ■> 
}g*f©tJf8 24 0&3nm) -fcOfL 3 5 0nm 
CD£)£<£>jKg|5S®i8 2 6 SrfsK^y h LTWitft:?:^ 

^ 09 (c) #!& 

[0 0 3 1] (g) Ti-Al-NO82 0nm^ 
— K^^g 8 2 8 ^/tfvV h LT, Jgg|5®@l 8 2 
6SrSfflH"S. 0fl*.f*S i -O-NXHS&ttMfcJi*^ '30 
h&ZmmitWk (ARC) 182 9£x#-^ y 
S„ 7* h8 3 o&x^-y HL^- — 

i.xim.mMZBifcrz, 010 (a) #j& ^-k-^ 

^^*fl5jOfWJt-fl» Ti-N, Ta-N, T a -A 
1 -N, T i - S i — N, W-S i -N, Ru-N, W 



<$ffl¥-l 1-744 8 8 
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-N, Ru-Al-N, Ru-Si-N. Cr-N. C 
r-Al — N > Mo-N, Mo -A 1 -N % Mo-Si 
-N, V-N, V-Si-N, V-Al-N. Hf- 
N, Hf-Al-N, 35£ (X«3Efc£7G0» WcM 

(0»Jx.f^ Ta-Si-N % Ta-B-N, Ti-B- 
N) , Zr-N, Y-N, Sc-N, La-N, A 1 - 
N, K— y^ttfcA 1 -N, Mg-N, Ca-N, Sr 
-N, Ba-N, _ki£<fcT i -Ni^, Ga-N, 
Ni-N, Co-N, Ta-N, ROW—N^^l 

Pt-Si-N, Pd-Si-O. Pd-B- 
(O, N) > Pd - A 1 -N, R u - S i - (O, 
N) . I r-Si -CX Re-Si -N N Rh-A 1 - 
O, Au-S i -N, S.t5Ag-S i -N^**tS 0 . 

[0 0 3 2] (h) 7* hU'^ h8 3 0lC<fcoTl& 
flteivfiaSo-O'^— Kv/^18 2 8SI/ARC 
Jf 8 2 9CQSi$#£, Jtt^iSBEx ffix<-TT^. ifi*"*— 

aTro^f4=-C-HtT$tbS :ffi^/6. OmTorr , y— 
71^11 5 00W, RF^T^f] 3 0 0W, C 1 2 
?JfSi5 Osccnu Ar»SSl Osccru, ^^^i/^^^t 

Uv?;* h 8 3 0(iO2 7 , 7Xvf7-7>'^$tl> AR 
Cgf2l&*$;tx5 (ARC18 2 9(i'N— K^^^<^— 
b-Ca^^TtJ:^) „ 7*hUv ; XhStJ ? ARC 
CDE&*(~<fc 0, /Sgflflffig 8 2 6_hiC^— Y^^-V • 
?-V8 3 2d9»£ft5. Ell 0 (b) #03,, 

[0 0 3 3] 

[*1] 
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Recipe 




Pt E/R 


TiAIN B/R 


Pt: TiAIN 


# 


%tmM : EE^J ; ECR/HF^ 


(A/nin) 


(A/mln) 


mat 


1 


C12.50sccm:liiT:1500/900W 


840 


2422 


1:2.9 


2 


C12/02. 47/3sccm:lmT: 1500/9001 


-BOO 


2234 


1:2.8 


3 


C12/02. 25/25sccm: lmT : 1500/900W 


600 


88 


6.8:1 


4 


Ar/02. 40/10sccm:2nT:1500/900W 


1715 


146 


12:1 


K 
«J 


Ar/02 25/25sccm:lmT:1500/900W 


1700 


133 


13:1 


6 


C12. 50sccm:2mT:1500/300W 


<100 


3851 


<1:38 


7 


C12. 50sccn:6mT:1500/300W 


<100 


3556 


<l:36 


8 


C12/Ar. 50/10sccm:6iT: 1500/300W 


<100 


3497 


<1:35 



[0 0 3 4] (i) /N-K^^r^->8 3 2C 20 \?y hi--5„ %} 1 O 0 nmtf>6^0]Hg|5fflM:7 

x-oxwmztix^^&^s&gmmms 2 6<z>6Ba-*\ it ^-^k • -yi — h 8 3 s^x^vv h-rs., hi 1 1 

ggftf&E, Ms<4T^<D^ Ar/02 , C 1 2 /O2 X (b) #fi8o 

fiA r /O2 /Cl 2 iW5#:/9 XVT*I&I&# , ISIH5« . [003 7] ( 1 ) &&TOH8|KMi 8 38 _hfc*J 2 5 

<S8 3 4*J^M"5 0 e^Sg(5®tSW3i2/^V^ £1 nmWlp^O (T i o. 75A 1 0 . 25> -Na>SHIftt*>N— 

T(7?^ffCj*$tV-5 : JI7J2. OmTorr , y— ^«73 1 K^X^Jg 8 4 0 ^/tf^y h"t"-5 0 0iJx.fi, S i -O 

5 0 0W, RF/W7^t^9 0 0W > ArijfSi4 0sc -N^feW$%>)Mfrhf&Z> AR CJI 8 4 1 Sr^Kv^ h 
cm, 0 2 ?5SSl Osccm, :<Dlgx->fy^iTi-A 7* h l/v^ h 8 4 O fc^atf-^y h U'^— 

1 - Ng^KEtS 8 2 4 ±-ef*ib-f-5 0 r. ©7*Dt^ fZ ^"'LT, Hg&ttlS:? -< — K • h CO^#?r^fe 

±13, 7*>-;*<Z)fc^j6ffl$fH^-e^ Totyfe^y^-ffe 5. Bill (c) £|& 

J5B^fiiK^i \, ^ [0 0 3 8] (m) T i - A 1 -NJ1 8 4 0 <7>g3g£ 

[003 5] ( j ) 834 RXf'^— K^* V HTl vfcV ^^?r, J£g3fti«J£, ifixM T*, 

8 3 2»c«toTSfai$ni"taSoTv^5l!Blfc5»e>T i - ;*<£>7^X-v£fflvvc®$jK 0 .ra^s^^i, 

A 1 -Nj£3frfjB®i 8 2 4 . i8 2 4WXyf <D0k\$X*?rfrnZ> : ffi77 6 . OmTorr , y— Xfl^l 1 5 

UT<D0kftX'mf£ftZ> :!£JJ6. OmTorr, 0 OW, RF/W7^1* 3 0 OW, C 1 2 »Si5 Osc 

y-Xt^l 5 00W, RF^7^t*3 0 0W ( C cm, A r flfSi 1 0 scan, 7 Jr b \s~S* b 8 4 2RXJAR 

1 2 »SS§5 Osccm, A r flfSi 1 Osccnv, PI CM 8 4 1 £I&1&< (ARCS 8 4 1 J±/v- Kt** t 

fl:-C*-y<-3iy^«sfTteix*o ^-^-lyftt, El L-C^^ttT^iv^ „ -toft, jSo-cv^Ti-Ai 
1 1 (a) fcfl^LTWiV^ JiBBteiW*:Xf±K'y h . -N^-Kv^^iLT»\ IHWaffi^ -f- ^ K • 

H±^^8 1 8©^flI>ttJ;V\ Z<D*s<- ywh8 3 8S.t/T(Cfe^>B ST 8 3 eoBttiSfrfc 
^y^X aS/^-Cttif&^ttS^-^^^ieiW*: (0iJx. 40 g|5#£, Jttl&fttffiffi, iSj/^TXcD, Ar/02 , C 1 

fi, B ST) 3*, j£ESSm<£8 3 4, if#fC«S<75Jl«< 2 /O2 XfiA r/0 2 /C 1 2 y7X^|V^$i 

^y^qrtoh/jivxa^itjfc— JPS-fc <o r<75m^v^fi, ^T^*T'*h-$tu-5 : J±yj 

«ffllL»Sjfif^lJj!Si:'fc9 : S5. T i -A 1 -N8 2 4 2. OmTorr , y— 1 5 0 OW, RF^7^« 

•C*6»»8 1 8ira*-TSi»t"S (BP*>» =— 7— £S yj9 0 0W, A r ijffii4 Osccm, 0 2 gfSSl Osccm, H 

*T*i tSr5*$nft^) B STJiSr^rf S«BS»35S 12(a) TItAI -NJW±'>ft< <b t> 3ocd 

%HlZxbvx[c£ZXmi£*)<J?te\<^tlX -9MM- «WSB«r«fM-S. 1) TJc*>SlSSi5Waio*y^>^ 

»te?4xTv^o ©^K^^ii/ttKu 2) e^isaatis^-f 

[0036] (k) RFv/^hDV-^^DV — K • 7° h 8 3 8 SriffllLitALT 0Btti$ ttfc 

^j:if(Ofi«*fflV^iKJ5 0 0'C-eBao.5 Sro.5 T ^y^l^O , SbBETO^o-fe^lS-C^o-fe^JHldS 
i O3 <Dtf}4 0 nm©irf/<'>i'l6Sf*i8 3 6^f# 50 e^fe-C^^tb^^ i d (-U 3) t H^H 



15 

[0 0 3 9] (n) t;^7W8 44RO ! 7WJl 
iagR8 4 6 <D±\C 5 0 0 h m^ff £<0JH8MfilSf£ (#Jx. 

ii\ p e t e o s ) s^*sj?i? h-r^o mm^Mfcx- y 

7-^?{\&ym. m*.t&~ Ar/CF 4 /CHF 3 Srffl 

8 5 0 T 8 4 8 y^- v^-f--5= 7^r^- 

— (liner) (Hx.fi, T i XfiT i N) , ~Bt&9^>f?> 
4 8lr*«U Hltf*&JRJi8 5 2«rJf8*-t"3. 012 

(b) #& f^otmRrj^y^^ceri. Wv&n 

[0 0 4 0] (o) t^cD^Jl. 0!lx.fif?2tf>£J| 
a8 5 4Rt^B3©^JWi8 5 6fc, TM (n) fiffl^ 
e>*uttrT • x-vf- • * h y7^fij,££r#5r bi£X% 
5 0 0"Jx.li> jBi©&*JB8 5 2f±, ^2co4feMS8 5 
4^0bf7 • • * h V?b LXhmifctZT i 
-A 1 -N'n — K-^^ 8 5 3?:fflV^-C3i5/^ : ->-^'i"'5 

- i as-e# So % 2 <D&mit 8 5 4 *r*&lrZ)tz.#)\z.m 

V^btlST i -A 1 -N^n— Y-?*9 8 5 5f3, f?2(£> 

[00411014 (a) ~ (d) , 015 (a) ~ 

(c) RUmi6 (a) , (b) fi, ify btiTF*-*'* 

u-fe:^^-r o ±3jg<7?-7°t2-fe^.cDj: by 

9 "CMifrf S. ¥ffl.fb £tLfc|fe»»S 9 0 0 fitfl 
i6fla0±fcJE&idc£ft5. TEOS8WP»flta» 

[0042] ( a ) w-m.it s ttfete»*»- y-^ 9 o 

2 St?*— A- (t"T) £7;*- h y y ^ (C^A 

3iy^->-^5o Hi 4 (a) 

( b ) vim h^p® K-^^nfc^K u->U3 vtc 

77 y^yh- "S y V t ^ y^sv* ■ y 9 

v\ /ufi{c;vrA9 0 4£J£/£1~5o El 14 (b) 

[0043] (c) ^{b^^*9 0 0ux.fi 
^Tc07*nirx?rfflV^ #y ->y =i> • 7"7 ^<£>lf £G 

otf?yfcTi-NS:Wft<. 014 (c) $J& 
[0044] (d) (T io.75A lo.25) -N&;*^ 
/Ky~>y 3^9 0 4(O|^*(Cj: 



(9) f*lW 11-74488 

i6 

i -A 1 -N^Ig#gfc£9 0 8 &Wb*vffb«*|S#9 0 
6tcJ:oX^i$*L*7'7y*^><6ti6o 12114 

(d) #03. 

[00451 (e) (T io.75A 1 0 . 25) ~N®S^ 
&8CSsUI 9 10 (*1J3 nm); „ W& S X, 3 5 0 nmO 
B&TOJ&8IKIISB9 1 2$rffciSy b LT«igfls:3r$£K 

^T*#5o Ti-Al-N (0^-Brf) <D%S2 Onm© 
/n- K-^^^J1S:t : '^v j s/ h LT»«ig® 9 12 ^ 

mam (ARC) Ji (EK^-f) Srf^y hi-5„- 

vx^xm^mm^m-^ 7* v^v* hicx^xm 

ft*W£< (ARCilJi^— K-^^^co— |F|5iLTa$ 

ixxtiv^) o ^- K^^/ > 

ixTVJfcvfiSftJWfili 9 1 2©8R»Sr»Bfe<. HESMffi 

9 1 2{c«to-caaB5n-f»aso-cvNsiHwa»e,T i - 

Al -NSE3WEitli9 1 0*Wk< o 015 (a) # 
[0 0 4 6] (f) B ao.5 S ro.5 T i O3 ^4 

• xs*y#y >yt£H<D&m$:m\<^xm5 0 Ottf*' 

V s y hi"5. filOO nm<D&<&<D-WMWm7 

Y • :7V— h 9 1 6 $rri$*Sy hi-S 0 S^cOll 
gi5ttH9 1 6±tC^tl2 5 nmCDff^CD (T i o. 75A 1 
0. 25) -N$tHSX)^— K-^^^S 9 18 ^r^v^y h 
-f-£o 0llx.fi. S i -0-NXJ4#HMMI*»P>*SAR 
Cg (0^Ktf-f) Z'Ttfisyh-FZo 7i-h^h 

^7-<— yu K • 7°^— h»^#^fe-5„ T i -A 1 - 
N19 1 8<Dl^a^ttTV^V^^^< 0 ARCS 
h b&W&< (ARCJlfi/^— K-^^.^ 

w-gRiLT^^tt-ctJ;^) o Wik. SotV^T 
i -A 1 -NSvn— K-v^^.i UTffl^T, Tlg|5flffi7 
-C— /UK • 1 6S.tTFfCfcSB ST 9 1 A<D 

mm£titz$ffi%%Lm<o mi 5 a) 

[0 0 4 7] (g) «itf*±fC5 0 0nmCDi¥^<73S 
«*9 2 0 (0iJx.fi> PETEOS) 
«7 LSfHtfS. bf y ^ h * t'T 9 2 2 S: h 9 

>^^«73 Kl/^^9 2 4*'C^5'^>'^i-5, 016 
(a) 

[0048] (h) V^x^y S U 

(c) T'_Bz6Lfc:7--r{t:7 0 a-1r^^fflV^T, h^^v 5 ^ 
9- KWV9 2.A\z.v--i\W» (077^rf) S:?g^r 
So #*L<«» S i 0 2 X'foZM^^ls?? b • 
/u- 9 2 3Sr*Jf^ (3^7*— ^/u) CVD7 

50 >?i>Hfl<. 016 (a) 



(10) 
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[0049] (i) KWy9 2 4tS«t^ ^.V 
fX^XlttfV i/V n^it'CtV H£3fltfc9 2 6 
Jf^yhU My HftS^ri&t-«. Ell 6 (b) # 

[oo5o] ms-t-; t—h/wmt oy±awfc) 

LTfflV>5rt^t?#5o P t : S i O2 XiiP t : S 

tt, «0W>7^->'i'^fcW^£fc0»5. S i O2 

St>*S i N x ©K^'fxyfyi/ii 7 *<7Xn 

•y^yl?xm£<^.b<DX'%Z>^— K-^*^*rt*&s#* 

[00 5 1] T i - A 1 -Ntt, ^Od^SStCfcl^T 

5. Sgl iC, T i -A 1 -Ntt. i^tT'^XT (C 
l 2 s Cl 2 /Ar, JLft'JrttoD *&1 5%<fc 

9^4v^) o 2 £-ati>c 1 2 /o 2 ) rt-c, ituaswsv 

/cx.y^V^jT-f^5 0 0W<fc9/h$^) "C^tC^ 40 

^^tr^^^b^ 0Hx.fi, liSSr 
^••T5Ar/ / 02 ^7X-7 ( Ar/0 2 /C 12 Xf£C 
1 2 /O2 7°7XVrtT\ T i -A 1 -N(i^(-^o 
< 19 ^y^i/^ftS. *H-h, T i - A 1 -Ntf>^ 



fliWPPl 1-7 44 8 8 
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* ^tttWKJwfc < 1 1 1 %©7;u 5 - £ a 3r^fr„ T i 
-A 1 -NWA-5 — ^AW^CD±PS{i, 

' irf affile £ftfcv\, K-^^tflsKcovvc 

[0052] wmmmmK =■ vf- • * h y^s, m*. 

[0053] fc'T -xyf-^ h-^yg 

DRAMfflit(-*5V N T, K'T&Mrffrt-Ztiibicaisy* • 
^— • ^y^^lStrffll^w i:^*>5o T i N 

hfT • ^-y=f- • X b yy^RXFARCmt 

^ BKbB»c*|-f5-t<O3;y^^W?ifctt3 0 : 1 

[0 0 5 4] T i N<7>{-^^5iJ(±. g£ffcMRt>*^fbBI<73tSi 

^oTV^o ±arC^Lfc^JS0iJO«8 4O, 853 
^.1/8 5 5(4, 1) Ti-AU Ti-Al-N, Ta 
-Al, Al-N, Xf±2) Ti-Al/Ti-N, T 
i -A 1 — N/T i -N, T a -A 1 /T i -N N T i 
-A 1 XT i -A 1 — Nx M>*2S£ffM^5ft!l<£>|B®l 
Offl-a^: (T i — N£r^/^~Ct/ v C 1 bc5S&< Tt)<£ 
^) , Xtt3) 3g^rJfM-f-6±iiliCD|a^ti:T'fe9# 
So »*LV*mf± (T ii-x Al x ) -N-C&*), ^ 

r-^xfiryu^s^^aift-CfcO, tto. 01^0. 
eoaflSH-e**. r/u5:^^A^W*<o±|5gii, ^{c 

tfflWilffiaot»f)tl5 (T i - A 1 -N(^*5 

-5) „ t'T - xyf -^F T(-fc5^ffl;#: 
mx-ft, mi 2 (b) ©HM8 3 8) <t±{WJ^« 

# (^l*.rf. Ell 2 (b) ©Il(^feii8 5 2) iO 
P^C0=V^^ bZlfrtftfTZtc^ ttti^WKS&fi- 

~v-j±mms$:Bi&-tz>&^v£^£^x, &Tf* %m 



(11) 
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K-tr-xXlX x.?<f--xh y y*B/5M* y • ir/u • * 

[0 0 5 5] Ar/CF 4 / CHF3 ^y^^fb^fe 
«$rffll^::i:t::J:9, ^Tf<D^.y=f->"^m^cbmb 
*l5 0 Ufa*': T iNl*2 8. 4:1, M:Ti 

* 0. 75A 1 0. 25NC£4 8 . 2:1, &TJ^ftlgl : T i A 1 
^ fi2 28 : 1 0 ^y^V^*ttttEAT<Dffl9 J C&*. 

MEE^ 2 5 OmTorr , RF^T^8 0 0W, Argft 
JS2 0 Osccm, CF 4 ?5SS7 Osccm, CHF3 WMZ 5 i0 
sccnv, mm<Dm$kl)\ Ar/CF 4 /0 2 ^y^>y*ft 

SS^tttWTCOii^X'fe-So :TiNlil2. 
9:1, H-fkJK : T i 0. 75A 1 0. 25N«3 0. 3:1, 
&t^t{tJBt :TiAb 1139. 5 : 1„ jrJfci'V =» 
>- . zn-y^Vj/fi, Ar/CF 4 /O2 
TW^£ffl^'CfTfcxfr-5 : f±tl2 5 OmTorr , RF'< 
>f7^t^8 0 0W, AriSf5$2 0 Osccm, CF4»tci* 
7 Osccm, O2 »f5i2 5 scent H55BS^9X-r • ^y^" 

' ^imixmrn^y^^m^t^nx^^z t^&. 20 

ft«W>3iy^-^fb¥*«H:, CF 4 , C 
HF3 , CH 2 F 2 , CH 3 F, 0 2 , Ar, S F 6 , 
C 2 F 6 , C 4 F 8 , C 3 F 6 &XM.(D7 yffcXfc*/*— 
7/U^-!)-^— TV y K(perfluorinated)$«{to+3f£rcM*- 

*jwte < £ 1. 1 ym^—T-X'hz 1 oxw* 

[0056] JbifeDtmSHEE-t-Si it-* 9 , ^ ' 

Miz. <3 , -title J: t> • ^y^ • h y y°M (fflz. 

fi. Hi 2 (b) ©18 4 0) &mz>ft&Wltf&zbte 30 

<, — SSV^;^'<— -^y^^^lC**. DR 

AMOfflJilcisv vr, «f ie*ti-5Sff US=- 

(reflectance) < &3 £ 9 

XZtDXo^T '^-y^-'^Y yZfrntLXx-yf-lsy* 

■T* £ #ii/&$i"tf#3„ ^ 
[00 5 7] JbiE<ott1sj<7)KT • ^yf- • * Y yTRXf 

l^C, Jfc3zfc0>fc7 • ^y^ • * F'>#«l^5:i 

.lot, <£ oasi/ ^t°T£o< S«FMS:#*.*± 5 tf 
Ttopy? • - ^y^-y^VMb-tZtZ, 
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f • ^ h ymvm&znz r <b as-?* s„ 

[0058] *»W»40d*ffi©iaft09S:#M LTtftPJ! * 
mWSr#fiB>-rixl^^#ie<t -oXW&X-foZo W*.t£. 

x o 47Bt y^^-r^^mssicffifeii^n-c'b ± 

[0 0 5 9] £JLbrottWtBBL-C3efc2fe««*WR^t- 

•So 

(i) ^^-yir/u^tp^^-yiHi^r-feo-r, (a) 

^l(D^ffilc#ffl:^«{IKSS^Wi-?)lS^fl^i:, B& 

Bi:S31Jrr51!ai5Wli:S:Jri"5*-r/^>^t, (b) 

^ 1 5.0^ 2 OffiFi 17- FHfiJW^i: h 7 ^ 
i?xfk. (c) giiE^i^h^vv 5 ^^*-?^^^ 
tuStTyMftt, SfjlEJ££l$«1®4, Huia^*f£ 

ifiBiep^-f- 5 mmt£Zra&y*7 ^leio T fluffi^ 2 co 

iftHi^ffV^^^-yiElSSo 

[0 0 6 0] (2) miJSlefEm^^^yiHlSST'fco 
T, HNlEffii^liT i -A 1 -N$?g&*^Vm$§ a 

(3) JB l ^cBtto^ * y EK-efeo-c, hijI2^4 
{EitSl±T i - A 1 -N«rSTtf^ J E-yiHB&, 

(4) ^2JSX(±^33Sro|S«cO^ ; eyiH]S^'C*feo 
T, WET i -A 1 -NttO%i>^SO%0ytm<DT/U 
*=*A&£tw« j eyiEB&, 

(5) ^4JSlCf^<7)^^-yiH]gST*fcoT, BfflBT i 
-Al-NIt (T i o. 75 A 1 0. 25) -NXhZJ^V HI 

(6) j&i3gte«0?**yiaB&-efco-c, Huieis&i5 

[006 1] ( 7 ) H 2 0>*tt*fc!08&tf y ^ 

-r -s r i * < , itufiEfg 2 (Dtm<D±ichz> &&m<mm 

|:iyf-ym*ST'fcot, (a) Sul26^g£ 
MIE^2coW<!:coP^{^*i©iB^ffML, (b) 
WEe^BJt^N— ^Ji^rffMU ( c ) 3fS 

— ^-^y'L^y^-^y'U (d) BfffS^^— K^^l 

(c J; o XWofoX f£ v ^itfJfE WSBJ^S:^ y f- 

L, Hul5^y^>'y'l4BfwE^*fKi)i-h-ClfJh-r5Xa 

[0 0 6 2] (8) W.lM^mSD-^mX^X, X 
@ (a) fii!frK&&Ji<k-®Ht:->y ^vliwild i 
-a l -NB«£-t5 r\ £ Sr^tf^ife, 
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(9) S?7JStc!Eifeo;W£-C'foo-c, ia (b) IZffi 
fE6^S±icT i - A l -Nm&MffctZ^ttrafrJj 

fBT i - A 1 -NH«x.K£< i: t l%07^i=!?ASr 
""(11) m 7 «ClEtt©*8rC*>o-CV Ig (c) H: 

(12) fg 7 ^{Cg^(D^-efeo 3(d) 14 

nm&&(D-^&zmm%^ y^^mx^ y^y-r 

[006 3] (13) S&Srai V^5*8fe-e*> 
ot, (a) fltflESA-BCT i - A 1 -N/^- K^* 
^|«U (b) HilSET i -A 1 -N/n— 
^g^/^-=v^U i£Sf^W^y^^fiJ-C*^y^ 
^^LT0fS^^^— v^rff^U (c) buIES^S: 

[0 0 6 4] (14) Hi 3«C|Ett<7?^?feT'S)0 
■C, ftulEi£ir£W^^^Jf4, C 1 2 , C 1 2 /A 
rWCh /O2 A»P>fi65^t—^» i 6a^S^S*' 

(15) ^13 JStC|EicO^?£T'*o T, WSE®^- 
^aiy^y^Ht. Ar/0 2 , C 12 /O2 a»G>J*S 

(16) jgi 4iI(cfeifeco*-?'iT'fco-c. mJiag*^ 
^y^V^Jli, c i 2 /o 2 T'fci9, ftfrtEffi^^W 

(17) in m^tm^Mx^x. tm ( b > 

OfifmE^y^^fi, Ig(c) ^mJf&x.y^^±>? 

[0 0 6 5] (18) iltRJtWiftV^t'T • ^y=J-^*f 
• 7°o-lr^T'fcoT, (a) Ti-AU Ti-Al 
-N, Ta-AK Al-N, Ti-Al/Ti-N, 
Ti-Al -N/T i -N x Ta-Al/Ti -N, X 
t>*T i -A 1 /T i -A 1 — N d * f) J$ ■£> jV—~fti * P> jg 
IRZtiZW&O*- y^-xhy ■7m&m& U ( b ) 
ntm^y^- - * h y7"m±lz.%mfcm&Bf&U ( c ) 

[0066] (19) 118 JSUHE*W>*fe-e*>o 
X, iMEWftfiT i -A 1 -NT?*>5*& 

(2 0) mi 9«C|E«©^T-feo-C, flWET i - 
A1-N14 (Tii-xAlx) -Nffc^ r^T-xli 
mo. 0 1H0. 6 0OffiIt*5^& 

(2 1) % \ 8«ClEiW>*«feT?fco-C, ffJ8EW4f4 

Ti-Al -efca^jfe, 

(2 2) !g2 UKdfEffitO^T'feoT, HfflBtflSKi 
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TiAl3 -Cfc^m 
(2 3) J&l 83»Cf^(0^ffi-C'foo-C > BulSPfeffrffc 

#Jf4Ar/CF4 /CHF 3 
(2 4) ^1 8^fElfe©^rfe-t?fcoT, BfFlS^ft: 

»4?- y v y = v-efc 9 , swa^ y y 

#J{4Ar/CF 4 /O2 X'hZJmo 
[006 7] (25) *v;^y?<Dfcib<DWm%]g 
ffc, cwmffiHitftW. !WU«fflEfr2 0 8Srgtp='V^ 
10 ? h • ^7^<t, 3m&*03iffi2 l 0 £®HttgJnStf 

204^ frstsfegm&t &mimute=> 
*svn\ mmmfcR-cmmwmwzT i - a i -n& 

lE»ffiW<£t80!] 

[m 1 1 ^tTe^omro»?®a 

[El 2] jf*Ll^Qfi09©^-Y^^ro»fffiia. 

[El 3] »2©»*U^»tW<0*^^<Z3Wffl5a 

[134] &3<D&i£.MT&^<D**s<isfaffiffl& 
20 [05] »4O»*U^lffi0!l©*-V'>'^>^O3Wfffiia, 

im 6 ] ( a ) f4»* U ^HSfiWO hT y hSU:^-^^ 
*c9^y-fe/uo»rffiEl 0 (b) f4&*LV^Q6W<Otr 
y hM-h^" -Y' <D * ^ ]} -fe^K^BElo 

[EI 7] #*LV^afe0!lOtry mT^-ir^^^^-^ 
y-tr/UDWffiEIc 

[EI 8] #f*L^ie^^Jc07 p ci-fe^.^fflvVc^^ey-fe:/i^ 
CDPWBEI, 

[EI 9] ^Lv^l|]ffi0ijW7 p D-fe^.?rfflv^c^ ; ey-fe^ 

.30 [EI 1 0 ] bv ^^ffiI0iJ<7^■7 B o-fe^ ^c^ y -fe 

[Ell l] ^Lv^HSS^J^D-fe^^fflVNfc^^y-fe 
/KD»r®Elo 

[El l 2 ] £f £ bi/ ^Hffi^jcoT'D-fe-^ Srfflv ^fc^ y -fe 

[Ell 3] ^LV^ffli^JcOT'a-fe^^ffiv^c^^y-fe 

[Ell 4] ^U^ESfiWroyn-fe^SrfflV^lfy 

4t? [El 1 5 ] $f * LV ^mim\<DZfn~t* ^rffiV ^ hf y 

[Ell 6] $fSU^^te^Jco7 p D-ir^4rfflv^ct-y 
T^rv^sfcD* =e y -ferywWffiEL 

2 0 0 Stg 

202 AimieiM^ 

2 0 4 jS&Pmiffi 

206 mw&yyy 

207 tr^itmm 

50 20 8 i&ftJtlitt: 



(17) 
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(72) $gW# 7-/ ! iv'a f/w-yjJJV 

-vyjJ— f— T77U — /<— K 6328 
-*->v<— 2112 

?97K 607 



(72)|gpj# -r— * t*y<7--r 

^hy o— K 14255 -t^y<~- 838 
(72)|gPJ# noV'd? 

pr? vy? hWA' 6144 

ry- y #£*h y-^^w y Ky 
^, -r— . ^y^ ni9 



